Inactivation of genes, encoding tocopherol biosynthetic pathway enzymes, results in oxidative stress in outdoor grown Arabidopsis thaliana.
Tocopherols (alpha-, beta-, gamma- and delta-tocopherols) represent a group of lipophilic antioxidants which are synthesized only by photosynthetic organisms. It is widely believed that protection of pigments and proteins of photosynthetic system and polyunsaturated fatty acids from oxidative damage caused by reactive oxygen species (ROS) is the main function of tocopherols. The wild type Columbia and two mutants of Arabidopsis thaliana with T-DNA insertions in tocopherol biosynthesis genes - tocopherol cyclase (vte1) and gamma-tocopherol methyltransferase (vte4) - were analyzed after long-term outdoor growth. The concentration of total tocopherol was up to 12-fold higher in outdoor growing wild type and vte4 plant lines than in plants grown under laboratory conditions. The vte4 mutant plants had a lower concentration of chlorophylls and carotenoids, whereas the mutant plants had a higher level of total glutathione than of wild type. The activities of antioxidant enzymes superoxide dismutase (SOD, EC 1.15.1.1) and ascorbate oxidase (AO, EC 1.10.3.3) were lower in both mutants, whereas activities of catalase (EC 1.11.1.6) and ascorbate peroxidase (APx, EC 1.11.1.11) were lower only in vte1 mutant plants in comparison to wild type plants. However, the activity of guaiacol peroxidase (GuPx, EC 1.11.1.7) was higher in vte1 and vte4 mutants than that in wild type. Additionally, both mutant plant lines had higher concentration of protein carbonyl groups and oxidized glutathione compared to the wild type, indicating the development of oxidative stress. These results demonstrate in plants that tocopherols play a crucial role for growth of plants under outdoor conditions by preventing oxidation of cellular components.